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Honorable  Hugh  J.  Gallen 

Governor  of  the  State  of  New  Hampshire 

State  House 

Concord,  New  Hampshire  03301 


Dear  Governor  Gallen: 

Inclosed  is  a  copy  of  the  St.  Pauls  School  Dam  Phase  I  Inspection 
Report,  which  was  prepared  under  the  National  Program  for  Inspection  of 
Non-Federal  Dams.  This  report  is  presented  for  your  use  and  is  based 
upon  a  visual  inspection,  a  review  of  the  past  performance  and  a  brief 
hydrological  study  of  the  dam.  A  brief  assessment  is  included  at  the 
beginning  of  the  report.  I  have  approved  the  report  and  support  the 
findings  and  recommendations  described  in  Section  7  and  ask  that  you 
keep  me  informed  of  the  actions  taken  to  implement  them.  This  follow-up 
action  is  a  vitally  important  part  of  this  program. 

A  copy  of  this  report  has  been  forwarded  to  the  Water  Resources  Board, 
the  cooperating  agency  for  the  State  of  New  Hampshire.  In  addition,  a 
copy  of  the  report  has  also  been  furnished  the  owner,  St.  Pauls  School, 
Concord,  New  Hampshire  03301. 

Copies  of  this  report  will  be  made  available  to  the  public  upon 
request,  by  this  office  under  the  Freedom  of  Information  Act.  In  the 
case  of  this  report  the  release  date  will  be  thirty  days  from  the  date 
of  this  letter. 

I  wish  to  take  this  opportunity  to  thank  you  and  the  Water  Resources 
Board  for  your  cooperation  in  carrying  out  this  program. 

Sincerely, 


Colonel,  Corps  of  Engineers 
Division  Engineer 
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PHASE  I  INSPECTION  REPORT 
NATIONAL  DAM  INSPECTION  PROGRAM 


NATIONAL  DAM  INSPECTION  PROGRAM 
PHASE  I  -  INSPECTION  REPORT 
BRIEF  ASSESSMENT 


Identification  No:  NH  00361 

Name  of  Dam:  St.  Pauls  School  Dam 

Town:  Concord 

County  and  State:  Merrimack,  New  Hampshire 

Stream:  Turkey  River 

Date  of  Inspection:  February  5,  1980 

1  St.  Pauls  School  Dam  is  a  concrete  overflow  section  approximately  15  f«et.  high 
from  the  bottom  of  the  upstream  channel  to  the  top  oi  the  training  walls  and 
approximately  100  f««t, long  between  the  training  walls./ The  upstream  face  of  the 
concrete  overflow  section  is  vertical  and  measures  approximately  9  £•<  from  its 
crest  to  a  concrete  apron  on  the  channel  bottom.  'The  downstream  face  is  ogee 
shaped  and  measures  approximately  11  feet  from  its  crest  to  a  concrete  apron  on 
the  bottom  of  the  downstream  channel. 

The  dam  impounds  Little  Turkey  Pond  and  adjoining  Turkey  Pond.  The  discharge 
over  the  spillway  flows  through  the  Turkey  River  in  an  easterly  direction  for 
approximately  0.2  miles  to  the  upstream  end  of  an  unnamed  pond  located  on  the 
western  side  of  the  St.  Pauls  School  Campus.  The  purpose  of  the  dam  is  recreational. 
The  reservoir  is  2.65  miles  in  length  with  a  surface  area  of  about  360  acres.  The 
maximum  storage  capacity  is  about  6,410  acre  feet. 

As  a  result  of  the  visual  inspection  and  the  review  of  available  data  regarding 
this  facility,  the  dam  is  considered  to  be  in  FAIR  condition.  Major  concerns  are: 
lack  of  vegetation  on  the  crest  of  both  abutments  render  these  areas  less  resistant 
to  erosion;  seepage  discharge  over  the  top  of  the  low  training  walls  on  both  sides 
of  the  discharge  channel  immediately  below  the  dam;  small  trees  growing  on  the 
downstream  slope  of  both  abutments;  and  leakage  of  the  sluice  gate. 

This  dam  is  classified  as  INTERMEDIATE  in  size  and  a  SIGNIFICANT  hazard 
structure  in  accordance  with  the  recommended  guidelines  established  by  the  Corps 
of  Engineers.  The  test  flood  for  this  dam,  therefore,  ranges  from  one-half  the 
Probable  Maximum  Flood  (1/2  PMF)  to  the  Probable  Maximum  Flood  (PMF).  The 
full  PMF  was  utilized  for  this  hydrologic  analysis.  The  test  flood  inflow  was 
estimated  to  be  38,400  cfs,  and  resulted  in  a  routed  test  flood  outflow  equal  to 
17,200  cfs  which  would  overtop  the  dam  crest  by  about  6.0  feet.  The  maximum 
spillway  discharge  capacity  with  the  water  level  at  the  dam  crest  was  estimated 
to  be  5,660  cfs  or  about  33  percent  of  the  routed  test  flood  outflow. 


Since  the  tailwater  resulting  from  discharge  over  the  spillway,  with  the  water 
surface  at  top  of  training  walls,  would  increase  the  stage  in  the  downstream 
reaches  nearly  as  much  as  the  dam  failure  discharge,  the  hazard  potential  for  this 
dam  was  assessed  by  failing  the  dam  with  the  water  surface  at  the  crest  of  the 
spillway.  The  discharge  from  this  failure  would  raise  the  water  surface  in  the 
lower  pond  by  nearly  4  feet.  Water  would  enter  one  classroom  to  a  level  of  1  to 
2  feet  above  the  sill,  and  would  result  in  damage  to  the  lower  floor.  The  dam 
creating  the  lower  pond  could  be  damaged  by  the  discharge  over  the  abutments. 
It  is  not  anticipated  that  lives  would  be  lost. 

It  is  recommended  that  the  owner  engage  a  qualified  registered  engineer  to  specify 
erosion  protection  for  the  soil  abutments,  investigate  the  seepage  discharging  over 
the  top  of  the  low  training  walls  on  both  sides  of  the  discharge  channel  immediately 
below  the  dam,  investigate  the  leakage  of  the  sluice  gate  and  do  a  detailed 
hydrologic-hydraulic  investigation  to  assess  further  the  potential  of  overtopping 
the  dam,  the  adequacy  of  the  spillway  to  pass  the  test  flood,  and  the  need  for 
and  means  to  increase  project  discharge  capacity.  It  is  also  recommended  that  the 
owner  remove  the  trees  from  the  immediate  vicinity  of  the  dam  and  downstream 
channel,  repair  all  spalled  concrete  and  control  trespassing  on  the  abutments. 


The  recommendations  and  remedial  measures  are  described  in  Section  7  and  should 
be  addressed  by  the  owner  within  one  year  after  receipt  of  this  Phase  I  Inspection 
Report. 
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Kenneth  M.  Stewart 
Project  Manager 
N.H.P.E.  3531 

SEA  Consultants  Inc. 
Rochester,  New  Hampshire 


This  Phase  I  Inspect loo  Report  on  St.  Pauls  School  Dam 
has  been  reviewed  by  the  undersigned  Review  Board  members.  In  our 
opinion,  the  reported  findings,  conclusions,  and  recommendations  are 
consistent  with  the  Recommended  Guidelines  for  Safety  Inspection  of 
Dams,  and  with  good  engineering  Judgment  and  practice,  and  is  hereby 
submitted  for  approval. 


ARAMAST  MAHTESIAN,  MEMBER 
Geotechnical  Engineering  Branch 
Engineering  Division 


CARNEY  M.  TERZIAN,  MEMBER 
Design  Branch 
Engineering  Division 


RICHARD  DIBuONO,  CHAIRMAN 
Water  Control  Branch 
Engineering  Division 


APPROVAL  RECOMMENDED: 


#fOE  B.  FRIAR  / 

Chief,  Engineering  Division 


This  report  is  prepared  under  guidance  contained  in  the  Recommended  Guidelines 
for  Safety  Inspection  of  Dams,  for  Phase  I  Investigations.  Copies  of  these  guidelines 
may  be  obtained  from  the  Office  of  Chief  of  Engineers,  Washington,  D.C.  20314. 
The  purpose  of  a  Phase  I  investigation  is  to  identify  expeditiously  those  dams 
which  may  pose  hazards  to  human  life  or  property.  The  assessment  of  the  general 
condition  of  the  dam  is  based  upon  available  data  and  visual  inspections.  Detailed 
investigation,  and  analyses  involving  topographic  mapping,  subsurface  investigations, 
testing,  and  detailed  computational  evaluations  are  beyond  the  scope  of  a  Phase  I 
investigation;  however,  the  investigation  is  intended  to  identify  any  need  for  such 
studies. 

In  reviewing  this  report,  it  should  be  realized  that  the  reported  condition  of  the 
dam  is  based  on  observations  of  field  conditions  at  the  time  of  inspection  along 
with  data  available  to  the  inspection  team.  In  cases  where  the  reservoir  was 
lowered  or  drained  prior  to  inspection,  such  action,  while  improving  the  stability 
and  safety  of  the  dam,  removes  the  normal  load  on  the  structure  and  may  obscure 
certain  conditions  which  might  otherwise  be  detectable  if  inspected  under  the 
normal  operating  environment  of  the  structure. 

It  is  important  to  note  that  the  condition  of  a  dam  depends  on  numerous  and 
constantly  changing  internal  and  external  conditions,  and  is  evolutionary  in  nature. 
It  would  be  incorrect  to  assume  that  the  present  condition  of  the  dam  will  continue 
to  represent  the  condition  of  the  dam  at  some  point  in  the  future.  Only  through 
continued  care  and  inspection  can  there  be  any  chance  that  unsafe  conditions  be 
detected. 

Phase  I  inspections  are  not  intended  to  provide  detailed  hydrologic  and  hydraulic 
analyses.  In  accordance  with  the  established  guidelines,  the  Spillway  Test  flood  is 
based  on  the  estimated  "Probable  Maximum  Flood"  for  the  region  (greatest  reason¬ 
ably  possible  storm  runoff),  or  fractions  thereof.  Because  of  the  magnitude  and 


rarity  of  such  a  storm  event,  finding  that  a  spillway  will  not  pass  the  test  flood 
should  not  be  interpreted  as  necessarily  posing  a  highly  inadequate  condition.  The 
test  flood  provides  a  measure  of  relative  spillway  capacity  and  serves  as  an  aide 
in  determining  the  need  for  more  detailed  hydrologic  and  hydraulic  studies,  con¬ 
sidering  the  size  of  the  dam,  its  general  condition  and  the  downstream  damage 
potential. 

The  Phase  I  investigation  does  not  include  an  assessment  of  the  need  for  fences, 
gates,  no-trespassing  signs,  repairs  to  existing  fences  and  railings  and  other  items 
which  may  be  needed  to  minimize  trespassing  and  provide  greater  security  for  the 
facility  and  safety  to  the  public.  An  evaluation  of  the  project  for  compliance  with 
OSHA  rules  and  regulations  is  also  excluded. 
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NATIONAL  DAM  INSPECTION  PROGRAM 
PHASE  I  INSPECTION  REPORT 
ST.  PAULS  SCHOOL  DAM 


SECTION  1 

PROJECT  INFORMATION 


1.1  General 

a.  Authority.  Public  Law  92-367,  August  8,  1972,  authorized  the  Secretary 
of  the  Army,  through  the  Corps  of  Engineers,  to  initiate  a  National  Program  of 
Dam  Inspection  throughout  the  United  States.  The  New  England  Division  of  the 
Corps  of  Engineers  has  been  assigned  the  responsibility  of  supervising  the  inspection 
of  dams  within  the  New  England  Region.  SEA  Consultants  Inc.  has  been  retained 
by  the  New  England  Division  to  inspect  and  report  on  selected  dams  in  the  State 
of  New  Hampshire.  Authorization  and  notice  to  proceed  were  issued  to  S  E  A 
Consultants  Inc.  under  a  letter  of  November  5,  1979  from  William  Hodgson,  Jr., 
Colonel,  Corps  of  Engineers.  Contract  No.  DACW33-80-C-0008  has  been  assigned 
by  the  Corps  of  Engineers  for  this  work. 

b.  Purpose 

(1)  To  perform  technical  inspection  and  evaluation  of  non-federal  dams 
to  identify  condition?  which  threaten  the  public  safety  and  thus  permit  correction 
in  a  timely  manner  by  non-federal  interests. 

(2)  To  encourage  and  prepare  the  states  to  initiate  quickly  effective 
dam  safety  programs  for  non-federal  dams. 

(3)  To  update,  verify  and  complete  the  National  Inventory  of  Dams. 

1.2  Description  of  Project 

a.  Location.  St.  Pauls  School  Dam  is  located  in  the  City  of  Concord, 
New  Hampshire,  on  the  northeast  corner  of  Little  Turkey  Pond.  The  dam  impounds 
water  from  Little  Turkey  Pond  and  adjoining  Turkey  Pond.  Water  passing  over  the 
spillway,  flows  in  an  easterly  direction  through  the  Turkey  River  approximately 
0.20  miles  to  the  upstream  end  of  an  unnamed  pond  on  the  western  side  of  the 
St.  Pauls  School  Campus.  The  dam  is  shown  on  U.S.G.S.  Quadrangle,  Concord,  New 
Hampshire,  with  coordinates  approximately  at  ^S^l^S",  W71°35'21",  Merrimack 
County,  New  Hampshire  (see  Location  Plan). 

b.  Description  of  Dam  and  Appurtenances.  St.  Pauls  School  Dam  is  a 
concrete  overflow  section  approximately  15  feet  high  from  the  bottom  of  the 
upstream  channel  to  the  top  of  the  training  walls,  and  approximately  100  feet 
long  between  the  training  walls.  The  upstream  face  of  the  concrete  overflow 
section  is  vertical  and  measures  approximately  9  feet  from  its  crest  to  a  concrete 
apron  on  the  channel  bottom.  The  downstream  face  is  ogee  shaped  and  measures 
approximately  11  feet  from  its  crest  to  a  concrete  apron  on  the  bottom  of  the 
downstream  channel. 


1-1 


Located  through  the  overflow  section  near  the  right  training  wall  is  a  sluiceway 
which  consists  of  a  36  inch  diameter  pipe  controlled  by  a  sluice  gate  located  on 
the  upstream  end  of  the  sluiceway  pipe. 

c.  Size  Classification.  Intermediate  (height  -  15  feet;  storage  -  6,410 
acre-feet)  based  on  storage  (greater  than  or  equal  to  1,000  acre-feet  and  less  than 
50,000  acre-feet)  as  given  in  the  Recommended  Guidelines  for  Safety  Inspection 
of  Dams. 


d.  Hazard  Classification.  Significant  Hazard.  The  discharge  resulting  from 
failure  of  the  dam,  with  water  surface  at  the  spillway  crest,  would  raise  the  water 
surface  of  the  lower  pond  by  nearly  4  feet.  Water  would  enter  one  classroom 
building  to  a  level  of  1  to  2  feet  above  the  sill,  causing  damage  to  the  lower 
floor  of  this  building.  Water  would  also  flow  over  the  two  roadways  crossing  the 
lower  pond,  possibly  causing  damage  to  the  roadways  and  bridges.  In  addition  to 
this,  the  dam  creating  the  lower  pond  could  be  damaged  by  the  4  feet  deep  flow 
over  its  abutments.  It  is  not  anticipated  that  lives  would  be  lost. 

e.  Ownership.  St.  Pauls  School  Dam  was  completed  in  1958  and  has  been 
continually  owned  by  St.  Pauls  School,  Pleasant  Street,  Concord,  New  Hampshire 
03301.  Telephone  No.  (603)  225-3341. 

f.  Operator.  The  dam  is  maintained  and  operated  by  St.  Pauls  School, 
Pleasant  Street,  Concord,  New  Hampshire  03301.  Telephone  No.  (603)  225-3341. 

g.  Purpose  of  Dam.  The  dam  was  constructed  to  raise  the  level  of  Turkey 
Pond  in  order  to  build  a  rowing  course  for  St.  Pauls  School. 

h.  Design  and  Construction  History.  The  dam  was  designed  by  Lockwood, 
Kessler,  and  Bartlett,  Inc.,  Consulting  Engineers,  Sycsset,  New  York,  in  1957. 
Construction  began  that  same  year  by  Manchester  Sand,  Gravel  and  Cement 
Company,  Inc.  Bow,  New  Hampshire  and  was  completed  in  1958.  The  design  plans 
indicate  that  sections  of  the  concrete  dam  are  reinforced  and  built  on  an  earth 
foundation.  The  plans  and  borings  are  on  file  at  the  State  of  New  Hampshire  Water 
Resources  Board.  A  copy  of  the  specifications  was  obtained  from  St.  Pauls  School, 
who  also  has  a  set  of  plans.  A  set  of  plans  and  specifications  dated  1946  and 
prepared  by  Metcalf  and  Eddy,  Engineers  for  the  design  of  St.  Pauls  School  Dam 
is  also  on  file  at  the  State  of  New  Hampshire  Water  Resources  Board.  This  design 
was  never  implemented  in  favor  of  the  Lockwood,  Kessler,  and  Bartlett  design  of 
1957.  The  borings  made  in  1946  for  Metcalf  and  Eddy  were  used  in  the  final  design 
and  construction  by  Lockwood,  Kessler,  and  Bartlett.  No  in-depth  design  calculations 
or  as-built  drawings  were  disclosed  for  this  dam. 

i.  Normal  Operating  Procedures.  The  St.  Pauls  School  Dam  is  used  to 
retain  the  waters  of  Little  Turkey  Pond  and  adjoining  Turkey  Pond  in  order  to 
provide  a  rowing  course  for  St.  Pauls  School.  There  is  no  normal  operating  procedure 
for  this  dam. 


1.3  Pertinent  Data 
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a.  Drainage  Area.  The  drainage  area  above  the  St.  Pauls  School  Dam 
covers  nearly  29  square  miles  (approximately  18,560  acres),  consisting  of  moderately 
sloping  terrain  surrounding  a  broad  swampy  area  adjacent  to  Turkey  Pond.  The 

p)  topography  in  the  drainage  basin  ranges  from  over  880  feet  (NGVD)  on  top  of 

Brown  Hill  to  approximately  316  feet  (NGVD)  at  the  base  of  the  dam.  The  majority 
of  the  basin  is  heavily  wooded  and  numerous  houses  are  located  along  the  roadways 
which  transect  the  drainage  area. 

b.  Discharge  at  Damsite.  Discharge  at  the  damsite  occurs  over  the  100 
feet  long  ogee  shaped  overflow  section.  A  36  inch  diameter  sluiceway  extends 
through  the  core  of  the  overflow  section  near  the  right  training  wall  and  has  its 
invert  set  approximately  8  feet  below  the  overflow  weir  crest.  The  sluice  gate 
located  on  the  upstream  end  of  the  sluiceway  pipe  would  allow  the  ponding  area 
to  be  lowered  to  an  elevation  of  about  317  feet  (NGVD). 

v  (1)  The  capacity  of  the  sluice  gate  was  estimated  to  be  480  cfs  with 

the  water  surface  at  the  top  of  dam  (Elev.  331.0  feet)  and  585  cfs  with  the  water 
surface  at  the  test  flood  elevation  (Elev.  337.0  feet). 

(2)  Maximum  known  flood  at  damsite  -  unknown 

J|  (3)  The  ungated  spillway  capacity  with  the  water  surface  elevation 

*  at  the  top  of  the  dam  (elevation  331.00  feet)  was  estimated  to  be  5,660  cfs. 

(4)  The  ungated  spillway  capacity  with  the  water  surface  elevation 
at  the  test  flood  elevation  (elevation  337.0  feet)  was  estimated  to  be  16,200  cfs. 

jj  (5)  N/A 

(6)  N/A 

(7)  The  total  spillway  capacity  at  the  test  flood  elevation  was  esti¬ 
mated  to  be  16,200  cfs  at  337.0  elevation. 

<  (8)  The  total  project  discharge  at  the  top  of  the  dam  was  estimated 

to  be  5,660  cfs  at  331.0  elevation  (with  the  sluice  gate  closed)  and  6,140  cfs  at 
331.0  elevation  (with  the  sluice  gate  open). 

(9)  The  total  project  discharge  at  the  test  flood  elevation  was  esti¬ 
mated  to  be  17,200  cfs  at  337.0  elevation. 


t 


\ 
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c.  Elevation  (NGVD)  These  elevations  are  based  on  a  pool  elevation  of 
325.0  shown  on  the  Concord  Quadrangle  U.S.G.S.  sheet,  which  was  assumed  to  be 
the  pool  elevation  at  the  crest  of  the  overflow  section.  It  should  be  noted  that 
a  6.0  foot  discrepancy  exists  between  the  U.S.G.S.  Quadrangle  sheet  pool  elevation 
(Elev.  325.0)  and  the  crest  elevation  of  the  overflow  section  as  shown  on  the 
design  plans  by  Lockwood,  Kessler,  and  Bartlett,  Inc.  (Elev.  319.0)  presumed  to  be 
NGVD. 

(l)  Streambed  at  toe  of  dam  -  315.0 


(2)  Bottom  of  cutoff  -  306.0 

(3)  Maximum  tailwater  -  unknown 

(4)  Normal  pool  -  325.2 

(5)  Full  flood  control  pool  -  N/A 

(6)  Spillway  crest  -  325.0 

(7)  Design  surcharge  (Original  Design)  -  unknown 

(8)  Top  of  dam  -  331.0 

(9)  Test  flood  design  surcharge  -  337.0 
Reservoir  (length  in  feet) 

(1)  Normal  pool  -  14,000 

(2)  Flood  control  pool  -  N/A 

(3)  Spillway  crest  pool  -  14,000 

(4)  Top  of  dam  -  26,100 

(5)  Test  flood  pool  -  26,400 
Storage  (acre-feet) 

(1)  Normal  pool  -  765 

(2)  Flood  control  pool  -  N/A 

(3)  Spillway  crest  pool  -  700 

(4)  Top  of  dam  -  6,410 

(5)  Test  flood  pool  -  16,370 


Reservoir  Surface  (acres) 


(1)  Normal  pool  -  360 

(2)  Flood  control  pool  -  N/A 

(3)  Spillway  crest  -  310 

(4)  Test  flood  pool  -  1855 

(5)  Top  of  dam  -  1465 
Dam 

(1)  Type  -  concrete  overflow  section 

(2)  Length  -  100  feet  (overflow  section  between  training  walls) 

(3)  Height  -  15  feet  (maximum) 

(4)  Top  Width  -  varies 

(5)  Side  Slopes  -  upstream  -  vertical 

-  downstream  -  ogee-shaped 

(6)  Zoning  -  unknown 

(7)  Impervious  core  -  concrete 

(8)  Cutoff  -  3  feet  thick  concrete  curtain  to  Elev.  306.0 

(9)  Grout  curtain  -  unknown 

(10)  Other  -  none 
Diversion  and  Regulating  Tunnel 
Not  applicable  (see  Section  j  below) 

Spillway 

(1)  Type  -  overflow  section,  ogee-shaped 

(2)  Length  of  weir  -  100  feet 

(3)  Crest  elevation  -  325.0  (top  of  overflow  section) 


(5)  U/S  Channel  -  The  banks  of  Little  Turkey  Pond  and  Turkey  Pond 
are  generally  tree  lined.  The  slopes  of  the  ponds  appear  to  be  stable.  No  evidence 
of  significant  sedimentation  was  observed.  The  approach  channel  is  wide  and 
unobstructed. 

(6)  D/S  Channel.  The  overflow  section  discharges  into  a  natural  stream 
channel  which  is  approximately  30  feet  wide.  Below  the  dam,  the  channel  is  rocky 
and  has  steeply  sloping  banks  until  it  passes  beneath  a  small  bridge  approximately 
1,000  feet  downstream  from  the  dam.  Beyond  the  bridge,  the  channel  discharges 
into  an  unnamed  pond  at  the  west  end  of  the  St.  Pauls  School  campus.  The  upper 
portion  of  the  pond  is  tree  lined.  However,  as  the  dam  which  impounds  this  pond 
is  approached,  open,  grassed  banks  become  dominant.  Various  school  buildings  are 
located  on  the  periphery  of  the  lower  portion  of  this  pond. 

j.  Regulating  Outlets 

(1)  Invert  -  Sluiceway  -  317.0 

(2)  Size  -  Sluiceway  -  36  inch  diameter 


(3)  Description  -  The  36-inch  diameter  sluiceway  pipe  passes  through 

the  overflow  section  near  the  right  training  wall; 
flow  is  controlled  by  a  sluice  gate  located  on  the 
upstream  end  of  the  sluiceway  pipe. 

(4)  Control  Mechanism  -  Sluice  gate  -  self  contained,  non-rising  stem 

with  4  feet  long  manual  crank  operator 
(removable)  (crank  operator  removed  at  time 
of  inspection) 


SECTION  2 
ENGINEERING  DATA 


2.1  Design 

A  set  of  plans  dated  1957  showing  plan,  elevation  and  section  for  construction  of 
the  dam  are  available  at  the  State  of  New  Hampshire  Water  Resources  Board. 

Another  set  of  plans  and  specifications  dated  1946  for  the  construction  of  St. 

Pauls  School  Dam  are  on  file  at  the  State  of  New  Hampshire  Water  Resources 
Board,  but  this  design  was  never  implemented.  The  boring  logs  for  the  1946  design 

were  used  in  the  1957  -  1958  design  and  construction  and  are  on  file  at  the  State 

of  New  Hampshire  Water  Resources  Board.  A  copy  of  the  specifications  dated 
1957  were  obtained  from  St.  Pauls  School. 

2.2  Construction 

Construction  of  the  dam  was  begun  lii  1957  and  completed  in  1958  by  Manchester 
Sand,  Gravel  and  Cement  Company,  Inc.  of  Bow,  New  Hampshire.  A  set  of  monthly 
construction  performance  records  were  obtained  from  St.  Pauls  School. 

2.3  Operation 

No  engineering  operational  data  were  found. 

2.4  Evaluation 


a.  Availability.  The  St.  Pauls  School  Dam  was  designed  by  Lockwood, 
Kessler,  and  Bartlett,  Inc.,  Consulting  Engineers,  Syosset,  New  York,  and  built  by 
Manchester  Sand,  Gravel  and  Cement  Company,  Inc.  of  Bow,  New  Hampshire. 
Other  than  the  plans,  boring  logs,  specifications  and  construction  performance 
reports,  no  additional  engineering  data  were  found. 

b.  Adequacy.  Available  engineering  data  and  drawings  are  considered 
adequate  for  a  Phase  I  investigation. 

c.  Validity.  The  field  investigation  indicated  that  the  external  features 
of  St.  Pauls  School  Dam  substantially  agree  with  those  shown  on  the  furnished 
plans  dated  1957. 


SECTION  3 
VISUAL  INSPECTION 


3.1  Findings 

a.  General.  St.  Pauls  School  Dam  impounds  a  pond  area  of  intermediate 
size.  The  drainage  area  above  the  dam  consists  of  moderately  sloping  terrain 
surrounding  a  broad  swampy  area  adjacent  to  Turkey  Pond.  The  majority  of  the 
basin  is  heavily  wooded  and  numerous  houses  are  located  along  the  roadways  which 
transect  the  drainage  area.  The  downstream  area  is  rocky  and  has  steeply  sloping 
banks  that  are  heavily  wooded. 

The  field  inspection  of  St.  Pauls  School  Dam  was  made  on  February  5  1980.  The 
inspection  team  consisted  of  personnel  from  SEA  Consultants  Inc.  and  Geotechnical 
Engineers,  Inc.  Inspection  checklists,  completed  during  the  visual  inspection,  are 
included  in  Appendix  A.  At  the  time  of  inspection,  water  was  passing  approximately 
2-1/2  inches  deep  over  the  100  feet  wide  overflow  section.  The  pool  elevation  was 
at  approximately  325.20  NGVD.  The  upstream  face  of  the  dam  could  only  be 
inspected  above  this  water  level. 

b.  Dam.  St.  Pauls  School  Dam  is  a  concrete  overflow  section  approximately 
15  feet  high  from  the  bottom  of  the  upstream  channel  to  the  top  of  the  training 
walls  and  approximately  100  feet  long  between  the  training  walls.  (See  Photo  No. 
2  and  Plans  and  Details  in  Appendix  B.)  The  upstream  face  of  both  training  walls 
shows  slight  spalling  of  the  concrete  at  the  pond  elevation  probably  due  to  ice 
formation.  (See  Photo  No.  4.)  The  upstream  face  of  the  concrete  overflow  section 
is  vertical  and  measures  approximately  9  feet  from  its  crest  to  a  concrete  apron 
on  the  channel  bottom.  The  downstream  face  is  ogee  shaped  and  measures  approx¬ 
imately  11  feet  from  its  crest  to  a  concrete  apron  on  the  bottom  of  the  downstream 
channel.  A  lower  section  of  the  training  walls,  about  2.5  feet  above  tailwater 
elevation,  extends  approximately  35  feet  farther  downstream  from  the  toe  of  the 
dam.  (See  Photo  No.  6.) 

No  bedrock  exposures  were  observed  at  either  abutment  of  the  dam.  At  the  north 
(left)  abutment  there  is  no  vegetation,  some  erosion,  and  evidence  of  trespassing 
on  the  upstream  side  of  the  fill  behind  the  training  wall.  (See  Photo  No.  3.)  There 
is  riprap  on  the  downstream  side  of  the  fill  behind  the  training  wall  and  minor 
erosion  of  the  downstream  slope  near  the  crest  close  to  the  abutment.  (See  Photo 
No.  5.)  Small  birch  trees  are  growing  behind  the  training  wall,  both  upstream  and 
downstream  of  the  crest  of  the  dam.  (See  Photo  Nos.  2  and  5.)  Some  water  is 
seeping  over  the  top  of  the  low  section  of  training  wall  along  the  north  side  of 
the  discharge  channel  immediately  downstream  of  the  dam.  Because  the  north  side 
of  the  valley  is  rather  steep  and  high,  it  is  not  possible  to  evaluate  on  the  basis 
of  the  visual  inspection  alone  whether  this  seepage  is  coming  from  the  reservoir 
or  whether  it  is  a  natural  groundwater  discharge  from  the  side  of  the  valley. 


At  the  south  (right)  abutment,  there  is  no  vegetation,  considerable  erosion,  and 
evidence  of  trespassing  on  the  upstream  side  of  the  fill  behind  the  training  wall. 
(See  Photo  No.  6.)  Small  trees  are  growing  behind  the  training  wall  both  upstream 
and  downstream  of  the  crest  of  the  dam.  At  the  time  of  the  inspection,  there 
was  an  icing  caused  by  water  seeping  over  the  top  of  the  low  section  of  the 
training  wall  along  the  south  side  of  the  discharge  channel  immediately  downstream 
of  the  dam.  (See  Photo  No.  6.)  As  with  the  corresponding  seepage  on  the  north 
side  of  the  channel,  it  is  not  possible  to  determine  on  the  basis  of  the  visual 
inspection  alone  whether  this  seepage  is  coming  from  the  reservoir,  or  whether  it 
is  a  natural  groundwater  discharge  from  the  high  steep  natural  slope  on  the  south 
side  of  the  valley. 

There  are  five  (5)  holes  in  the  downstream  ogee  face  of  the  dam.  According  to 
the  design  drawings  for  the  dam,  these  holes  appear  to  be  the  outlet  for  an  8-inch 
underdrain  pipe  beneath  the  dam.  Water  flowing  over  the  dam  at  the  time  of  the 

inspection  made  it  impossible  to  inspect  these  holes  at  close  hand,  but  they  did 

appear  to  be  open  on  the  basis  of  what  could  be  observed  from  the  ends  of  the 
dam. 

The  design  plans  show  a  concrete  apron  which  extends  20  feet  upstream  from  the 

dam;  a  concrete  cutoff  wall,  3  feet  wide  and  extending  9  feet  3  inches  below  the 

elevation  of  the  bottom  of  the  upstream  concrete  apron;  and  a  concrete  apron 
which  extends  to  a  point  50  feet  downstream  from  the  upstream  vertical  face  of 
the  dam.  (See  Plans  and  Details  in  Appendix  B.)  Because  the  reservoir  was  full 
and  there  was  tail  water  at  the  downstream  toe  of  the  dam,  none  of  these  features 
could  be  observed  during  the  visual  inspection. 

c.  Appurtenant  Structures.  Located  through  the  overflow  section  near  the 
right  training  wall  is  the  sluiceway  which  consists  of  a  36-inch  diameter  pipe 
controlled  by  a  sluice  gate  with  a  submerged  gate  stem  operator.  The  gate  at 
present  is  closed  and  is  leaking  slightly.  (See  Photo  No.  7.) 

d.  Reservoir  Area.  The  slopes  of  the  reservoir  appear  to  be  stable.  No 
evidence  of  significant  sedimentation  was  observed.  The  approach  channel  to  the 
dam  is  unobstructed.  (See  Photo  No.  1.) 

e.  Downstream  Channel.  There  is  riprap  on  both  banks  of  the  discharge 
channel  immediately  downstream  from  the  low  concrete  training  walls  at  the 
downstream  side  of  the  dam.  (See  Photo  No.  2.)  Small  trees  overhang  the  discharge 
channel  for  a  distance  estimated  to  be  about  100  feet  downstream  from  the  dam, 
and  large  trees  overhang  the  channel  farther  downstream.  (See  Photo  Nos.  8,  9 
and  10.) 

3.2  Evaluation 

On  the  basis  of  the  results  of  the  visual  inspection,  St.  Pauls  School  Dam  is 
considered  to  be  in  fair  condition. 
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Some  soil  erosion  has  occurred  on  the  upstream  side  of  both  the  north  and  south 
abutments  and  on  the  downstream  side  of  the  north  abutment.  This  erosion  has 
resulted  from  trespassing  and  lack  of  grassy  vegetation.  If  it  is  allowed  to  continue, 
it  could  lead  to  breaching  of  the  soil  backfill  at  the  abutments  of  the  concrete 
overflow  section  of  the  dam. 

Seepage  discharging  over  the  top  of  the  low  concrete  training  walls  on  the  north 
and  south  sides  of  the  discharge  channel  immediately  downstream  of  the  dam  could 
develop  into  a  long-term  erosion  problem  if  not  controlled. 

Small  trees  growing  behind  the  training  walls  at  both  ends  of  the  concrete  overflow 
section  of  the  dam  are  not  a  problem  today,  but  could  result  in  serious  seepage 
and  erosion  problems  when  the  trees  grow  larger,  if  a  tree  should  then  blow  over 
and  pull  out  its  roots,  or  if  a  tree  should  die  or  be  cut  and  its  roots  rot. 

Ice  damage  to  the  upstream  face  of  the  concrete  training  walls  at  pond  elevation, 
although  not  a  problem  at  present,  could  continue  and  lead  to  serious  deterioration 
of  the  training  walls. 

Leakage  of  the  sluice  gate  which  is  a  sign  of  improper  seating  or  deterioration 
of  the  gate  could  lead  to  further  deterioration. 


SECTION  4 

OPERATIONAL  AND  MAINTENANCE  PROCEDURES 


4.1  Operational  Procedures 

a.  General.  The  St.  Pauls  School  Dam  is  used  primarily  to  retain  the 
waters  of  Little  Turkey  Pond  and  adjacent  Turkey  Pond  to  provide  a  rowing  course 
for  St.  Pauls  School. 

b.  Description  of  Any  Warning  System  in  Effect.  No  written  warning  system 
exists  for  the  dam. 

4.2  Maintenance  Procedures 


a.  General.  The  owner,  the  St.  Pauls  School,  is  responsible  for  the 
maintenance  of  the  dam.  The  St.  Pauls  School  maintenance  procedure  is  to  visually 
inspect  all  structures  located  on  the  ponds  and  river  within  the  confines  of  the 
school  campus  approximately  four  times  a  year. 

b.  Operating  Facilities.  No  formal  plan  for  maintenance  of  operating 
facilities  was  disclosed. 

4.3  Evaluation 

The  current  maintenance  procedures  for  St.  Pauls  School  Dam  are  inadequate 
to  insure  that  all  problems  encountered  can  be  remedied  within  a  reasonable  period 
of  time.  The  owner  should  establish  a  written  operation  and  maintenance  procedure, 
as  well  as  establish  a  warning  system  to  follow  in  event  of  flood  flow  conditions 
or  imminent  dam  failure. 


SECTION  5 

EVALUATION  OF  HYDROLOGIC/HYDRAULIC  FEATURES 


5.1  General.  St.  Pauls  School  Dam  is  a  concrete  overflow  section  approximately 
15  feet  high  from  the  bottom  of  the  upstream  channel  to  the  top  of  the  training 
walls,  and  approximately  100  feet  long  between  the  training  walls.  The  crest  of 
the  ogee  shaped  overflow  section  is  at  an  elevation  of  325.0  (based  on  a  datum 
derived  from  the  Concord  Quadrangle  U.S.G.S.  topographic  map).  A  36-inch  diameter 
sluice  gate  with  an  invert  elevation  of  317.0  is  located  near  the  right  training 
wall.  The  dam  impounds  an  interconnected  pair  of  ponds  whose  connecting  channel 
functions  as  a  rowing  course  for  St.  Pauls  School.  A  large  flat  swampy  area 
encompasses  much  of  the  "upper"  pond  (Turkey  Pond),  and,  consequently,  the 
available  storage  behind  the  dam  increases  significantly  as  the  water  surface  rises 
above  the  spillway  crest  elevation.  The  dam  is  classified  as  intermediate  in  size, 
having  a  maximum  storage  of  approximately  6,410  acre-feet. 

5.2  Design  Data.  No  hydrological  or  hydraulic  design  data  were  disclosed. 

5.3  Experience  Data.  No  experience  data  were  disclosed.  Maximum  flood  flows 
or  elevations  are  unknown. 

5.4  Test  Flood  Analysis.  Due  to  the  absence  of  detailed  design  and  operational 
information,  the  hydrologic  evaluation  was  performed  utilizing  data  gathered  during 
field  inspection,  watershed  size  and  an  estimated  test  flood  equal  to  the  Probable 
Maximum  Flood  (PMF)  as  determined  with  the  "rolling"  curve  from  the  Corps  of 
Engineers  set  of  guide  curves. 

Based  on  a  maximum  probable  flood  peak  flow  rate  of  1,325  cfs  per  square  mile 
and  a  drainage  area  of  29  square  miles,  the  test  flood  inflow  was  estimated  to 
be  38,400  cfs.  The  test  flood  was  routed  through  the  reservoir  in  accordance  with 
the  Corps  of  Engineers  procedure  for  Estimating  Effect  of  Surcharge  Storage  on 
Maximum  Probable  Discharge.  The  reservoir  water  surface  was  assumed  to  be  at 
elevation  325.0  prior  to  the  flood  routing.  The  routed  test  flood  outflow  was 
estimated  to  be  17,200  cfs.  This  analysis  indicated  that  the  dam  crest  would  be 
overtopped  by  6.0  feet.  The  maximum  spillway  capacity  with  the  water  level  at 
the  dam  crest  was  estimated  to  be  5,660  cfs,  which  is  only  about  33  percent  of 
the  test  flood  discharge. 

5.5  Dam  Failure  Analysis.  The  impact  of  dam  failure  with  the  reservoir  surface 
at  the  dam  crest  was  assessed  utilizing  the  "Rule  of  Thumb"  Guidance  for  Estimating 
Downstream  Dam  Failure  Hydrographs  published  by  the  Corps  of  Engineers.  The 
analysis  covered  a  reach  extending  approximately  0.8  miles  downstream  to  the 
dam  impounding  the  pond  at  the  St.  Pauls  School  campus.  Based  on  this  analysis, 
the  dam  has  been  classified  as  a  significant  hazard  structure. 
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Since  the  dam's  spillway  extends  almost  the  entire  length  of  the  dam,  the  discharge 
over  the  spillway  with  the  water  surface  at  the  dam  crest  (top  of  training  walls) 
is  quite  significant  when  compared  to  the  dam  failure  discharge.  Consequenty,  the 
tailwater  resulting  from  this  spillway  discharge  raises  the  stage  in  the  downstream 
reaches  nearly  as  much  as  the  dam  failure  discharge.  In  a  situation  such  as  this, 
the  hazard  potential  should  be  assessed  by  failing  the  dam  with  the  water  surface 
at  the  crest  of  the  spillway. 

If  failure  occurs  with  the  water  surface  at  the  spillway  crest,  the  major  point  of 
impact  would  be  near  the  dam  impounding  the  downstream  ponding  area.  The  water 
surface  in  the  pond  would  be  raised  nearly  4  feet.  This  would  cause  water  to 
enter  one  of  the  classroom  buildings  near  the  dam  to  a  depth  of  1  to  2  feet  above 
the  sill,  causing  damage  to  the  lower  floor  of  this  building.  Water  would  also  flow 
over  the  two  roadways  crossing  this  pond  (less  than  1  foot  deep),  possibly  causing 
damage  to  the  roadways  and  bridges.  In  addition  to  this,  the  dam  creating  this 
impoundment  could  be  damaged  by  the  discharge  over  the  abutments.  It  is  not 
anticipated  that  lives  would  be  lost. 


SECTION  6 

EVALUATION  OF  STRUCTURAL  STABILITY 


6.1  Visual  Observations 


The  visual  inspection  indicates  the  following  potential  structural  problems: 

(1)  Some  soil  erosion  has  occured  on  the  upstream  side  of  both  the  north 
and  south  abutments  and  on  the  downstream  side  of  the  north  abutment. 
This  erosion  has  resulted  from  trespassing  and  lack  of  grassy  vegetation. 
If  it  is  allowed  to  continue,  it  could  lead  to  breaching  of  the  soil 
backfill  at  the  abutments  of  the  dam. 

(2)  Seepage  discharging  over  the  top  of  the  low  training  walls  on  the  north 
and  south  sides  of  the  discharge  channel  immediately  downstream  of 
the  dam  could  develop  into  a  long-term  erosion  problem  if  not  controlled. 

(3)  Small  trees  growing  behind  the  training  walls  at  both  ends  of  the 
concrete  overflow  section  of  the  dam  are  not  a  problem  today,  but 
could  result  in  serious  seepage  and  erosion  problems  when  the  trees 
grow  larger,  if  a  tree  should  then  blow  over  and  pull  out  its  roots,  or 
if  a  tree  should  die  or  be  cut  and  its  roots  rot. 

(4)  Ice  damage  to  the  upstream  face  of  the  concrete  training  walls  at  pond 
elevation,  although  not  a  problem  at  present,  could  continue  and  lead 
to  serious  deterioration  of  the  training  walls. 


(5)  Leakage  of  the  sluice  gate  which  is  a  sign  of  improper  seating  or 
deterioration  of  the  gate  could  lead  to  further  deterioration. 

Because  the  reservoir  was  filled  at  the  time  of  the  inspection,  it  was  not  possible 
to  examine  the  condition  of  the  concrete  apron  which  extends  upstream  from  the 
concrete  gravity  section  of  the  dam. 

Because  water  was  flowing  over  the  dam  at  the  time  of  the  inspection,  it  was 
not  possible  to  examine  at  close-hand,  the  condition  of  the  drain  holes  near  the 
bottom  of  the  downstream  face  of  the  dam. 

Because  tailwater  was  standing  at  the  downstream  toe  of  the  dam,  it  was  not 
possible  to  examine  the  concrete  apron  which  extends  downstream  from  the  dam. 

6.2  Design  and  Construction  Data 

The  dam  was  designed  by  Lockwood,  Kessler,  and  Bartlett,  Inc.,  Consulting 
Engineers,  Syosset,  New  York,  in  1957.  Construction  began  that  same  year  by 
Manchester  Sand,  Gravel  and  Cement  Company,  Inc.,  Bow,  New  Hampshire  and 
was  completed  in  1958.  These  design  plans  indicate  that  sections  of  the  concrete 
dam  are  reinforced  and  built  on  an  earth  foundation. 


The  plans  show  four  features  which  are  important  but  which  could  not  be  examined: 
(1)  upstream  apron;  (2)  downstream  apron;  (3)  gravel  underdrain  with  8-inch  pipe 
beneath  the  dam,  discharging  through  five  drain  holes  near  the  bottom  of  the 
downstream  face  of  the  dam;  and  (4)  concrete  cutoff  wall,  3  feet  wide  and 
extending  to  a  depth  of  9  feet,  3  inches  below  the  bottom  of  the  upstream  concrete 
apron. 

The  drawings  do  not  show  any  cutoff  provisions  below  the  bottom  of  the  concrete 
cutoff  wall  mentioned  above.  The  plans  do  show  cutoff  walls  in  the  abutments 
beyond  the  training  walls  at  each  end  of  the  overflow  section,  although  it  is 
impossible  to  determine  from  the  plans  the  depth  of  the  walls,  reinforcement,  or 
thickness  below  grade. 

The  logs  of  borings  taken  in  the  general  vicinity  of  the  dam  indicate  that  the 
foundation  soils  consist  of  dense  sand,  gravel,  and  boulders,  and  locally,  some  clay. 
Bedrock  was  encountered  in  three  borings,  at  elevations  about  75  to  90  feet  below 
the  crest  of  the  dam. 

6.3  Post-Construction  Changes 

There  is  no  record  of  changes  since  the  construction  of  the  dam. 

6.4  Seismic  Stability 

This  dam  is  located  in  Seismic  Zone  2  and,  in  accordance  with  the  Phase  I 
guidelines,  does  not  warrant  seismic  analysis. 


6-2 


SECTION  7 

ASSESSMENT,  RECOMMENDATIONS,  AND  REMEDIAL  MEASURES 


7.1  Dam  Assessment 


a.  Condition.  The  visual  examination  indicates  that  St.  Pauls  School  Dam 
is  in  fair  condition.  The  main  concerns  with  respect  to  the  integrity  of  the  dam 
are: 

(1)  Erosion  and  lack  of  erosion  protection  on  the  soil  abutments. 

(2)  Seepage  discharging  over  the  top  of  the  low  concrete  training 
walls  on  the  north  and  south  sides  of  the  discharge  channel 
immediately  downstream  of  the  dam. 

(3)  Small  trees  growing  on  the  soil  abutments  (not  a  problem  today, 
but  will  become  a  problem  if  the  trees  are  allowed  to  grow). 

(4)  Ice  damage  to  the  upstream  face  of  the  concrete  training  walls. 

(5)  Leakage  of  the  sluice  gate. 

(6)  Inadequacy  of  spillway  to  pass  the  test  flood. 

b.  Adequacy  of  Information.  Because  water  was  flowing  over  the  concrete 
section  of  the  dam  at  the  time  of  the  inspection,  it  was  not  possible  to  inspect 
at  close  hand  the  downstream  face  of  the  dam  or  the  drain  holes  through  which 
the  underdrain  discharges.  These  features  should  be  inspected  at  a  time  when  no 
water  is  flowing  over  the  dam. 

The  information  available  from  the  visual  inspection  and  hydrologic  and  hydraulic 
analyses  is  adequate  to  identify  the  problems  listed  in  7.2.  These  problems  will 
require  the  attention  of  a  qualified  registered  professional  engineer  who  will  have 
to  make  additional  engineering  studies  to  design  or  specify  remedial  measures.  No 
additional  information  is  needed  for  the  purpose  of  this  Phase  I  inspection. 

c.  Urgency.  The  owner  should  implement  the  recommendations  in  7.2  and 
7.3  within  one  year  after  receipt  of  this  Phase  I  report. 

7.2  Recommendations 


The  owner  should  retain  a  registered  professional  engineer  qualified  in  the 
design  and  construction  of  dams  to: 

(1)  Specify  erosion  protection  for  the  soil  abutments  of  the  dam. 

(2)  Investigate  the  seepage  discharging  over  the  top  of  the  low 
concrete  training  walls  near  the  downstream  toe  of  the  dam  and 
design  remedial  measures  if  needed. 


(3)  Inspect  the  downstream  face  of  the  dam  and  the  drain  holes 
through  which  the  underdrain  discharges,  at  a  time  when  no  water 
is  flowing  over  the  dam. 

(4)  Investigate  the  leakage  of  the  sluice  gate. 

(5)  Do  a  detailed  hydrologic-hydraulic  investigation  to  assess  further 
the  potential  of  overtopping  the  dam,  the  adequacy  of  the  spillway 
to  pass  the  test  flood,  and  the  need  for  and  means  to  increase 
project  discharge  capacity. 

The  owner  should  carry  out  the  recommendations  made  by  the  engineer. 

7.3  Remedial  Measures 


a. 


(1)  Cut  the  trees  from  a  zone  25  feet  wide  on  each  side  of  the  dam 
and  downstream  channel  from  a  point  25  feet  upstream  of  the 
crest  to  a  point  50  feet  downstream  of  the  crest. 


(2)  Repair  the  spalling  of  concrete  at  pool  elevation  on  the  upstream 
face  of  the  concrete  training  walls. 

(3)  Control  trespassing  on  the  abutments. 


(4)  Establish  a  regular  operation  and  maintenance  program. 

(5)  Engage  a  registered  professional  engineer  qualified  in  the  design 
and  construction  of  dams  to  make  a  comprehensive  technical 
inspection  of  the  dam  once  every  year. 

(6)  Establish  a  surveillance  program  for  use  during  and  after  heavy 
rainfall,  and  also  a  warning  program  to  follow  in  case  of  emergency 
conditions. 


7.4  Alternatives 

There  are  no  practical  alternatives  to  the  recommendations  of  Section  7  2 
and  7.3. 


INSPECTION  CHECK  LIST 
PARTY  ORGANIZATION 


PROJECT:  st.  Paul's  School  Dam,  HH 


DATE:  February  5,  1980 

TIME:  0900 _ 

WEATHER:  Clear,  cold _ 

W.S.  ELEV.  325.2U.S.  316.5DN.S. 
(U.S.G.S.  Datum) 


PARTY: 

^  Kenneth  Stewart,  SEA 


Robert  Durfee,  SEA 
Philip  Ricardi,  SEA 
Ronald  Hirschfeld,  GEI 
c  Richard  DeBold,  NHWRB 


PROJECT  FEATURE 

Structural  stability 

Hydrology  /hydraulics 


INSPECTED  BY 

K.  Stewart/R.  Durfee 


REMARKS 


B.  Pierstorff/P.  Ricardi 


INSPECTION  CHECK  LIST 


PROJECT:  St.  Paul's  School  Dam,  NH _  DATE:  February  5,  1980 

PROJECT  FEATURE:  Dam  Embankment _  NAME:  _ 

DISCIPLINE:  _  NAME:  _ 

AREA  EVALUATED  CONDITIONS 


DAM  EMBANKMENT 

Crest  Elevation 

Current  Pool  Elevation 

Maximum  Impoundment  to  Date 

Surface  Cracks 

Pavement  Condition 

Movement  or  Settlement  of  Crest 

Lateral  Movement 

Vertical  Alighment 

Horizontal  Alignment 

Condition  at  Abutment  and  at 
Concrete  Structures 

Indications  of  Movement  of  Structural 
Items  on  Slopes 

Trespassing  on  Slopes 

Vegetation  on  Slopes 

Sloughing  or  Erosion  of  Slopes  or  Abutments 

Rock  Slope  Protection  -  Riprap  Failures 

Unusual  Movement  or  Cracking 
at  or  near  Toe 

Unusual  Embankment  or  Downstream  Seepage 
Piping  or  Boils 

Foundation  Drainage  Features 
Toe  Drains 

Instrumentation  System 


325.0 

325.2 

Unknown 

None  observed 

Not  paved 

None  observed 

None  observed 

Good 

Good 

Good 

None  observed 

Foot  paths  at  both  abutments 
Both  abutments  bare  of  vegetation 
Significant  erosion  on  right  abutment 
None  observed 

None  observed 

Groundwater  seepage  over  top  of  both  lower 
training  walls 

None  observed 

Not  visible 

None  observed 

None 


INSPECTION  CHECK  LIST 


PROJECT:  St.  Paul's  School  Dam,  NH _  DATE: 

PROJECT  FEATURE:  Di*e  Embankment _  NAME: 

DISCIPLINE:  NAME: 


AREA  EVALUATED 

DIKE  EMBANKMENT  ~ 


No  dike 


February  5,  1980 


CONDITIONS 


Crest  Elevation 

Current  Pool  Elevation 

Maximum  Impoundment  to  Date 

Surface  Cracks 

Pavement  Condition 

Movement  or  Settlement  of  Crest 

Lateral  Movement 

Vertical  Alignment 

Horizontal  Alignment 

Condition  at  Abutment  and  at 
Concrete  Structures 

.  Indications  of  Movement  of  Structural 
Items  on  Slopes 

Trespassing  on  Slopes 

Vegetation  on  Slopes 

Sloughing  or  Erosion  of  Slopes  or  Abutments 

Rock  Slope  Protection  -  Riprap  Failures 

Unusual  Movement  or  Cracking 
at  or  near  Toes 

Unusual  Embankment  or  Downstream  Seepage 
Piping  or  Boils 

Foundation  Drainage  Features 
Toe  Drains 

Instrumentation  System 


INSPECTION  CHECK  LIST 


PROJECT:  St.  Paul's  School  Dam,  NH 

DATE:  February  5,  1980 

PROJECT  FEATURE:  Intake  Channel 

NAME: 

DISCIPLINE: 

NAME: 

AREA  EVALUATED 

CONDITIONS 

OUTLET  WORKS  -  INTAKE  CHANNEL  AND 
INTAKE  STRUCTURE 

a.  Approach  Channel 

Slope  Conditions 

Good 

Bottom  Conditions 

Not  visible  beneath  ice  on  pond 

Rock  Slides  or  Falls 

None 

Log  Boom 

None 

Debris 

None 

Condition  of  Concrete  Lining 

Not  applicable 

Drains  or  Weep  Holes 

None 

b.  Intake  Structure 

Condition  of  Concrete 

Not  visible 

*  Stop  Logs  and  Slots 

None 

INSPECTION 

CHECK  LIST 

PROJECT-  St*  Pau-'-'s  School  Dam,  NH 

DATE:  February  5'  1980 

PROJECT  FEATURE:  Control  Tower 

NAME: 

DISCIPLINE: 

NAME: 

AREA  EVALUATED 

CONDITIONS 

OUTLET  WORKS  -  CONTROL  TOWER 

No  control  tower.  Sluice  gate  operated 
from  top  of  right  training  wall 
with  4  foot  long  removable  crank. 

a.  Concrete  and  Structural 

General  Condition 

Condition  of  Joints 

Spalling 

Visible  Reinforcing 

Rusting  or  Staining  of  Concrete 

Any  Seepage  or  Efflorescence 

Joint  Alignment 

Unusual  Seepage  or  Leaks  in 

Gate  Chamber 

Cracks 

• 

Rusting  or  Corrosion  of  Steel 

b.  Mechanical  and  Electrical 

Air  Vents 

Not  applicable 

Float  Wells 

Not  applicable 

Crane  Hoist 

Not  applicable 

Elevator 

Not  applicable 

Hydraulic  System 

Not  applicable 

Service  Gates 

Sluice  gate  -  not  visible  beneath  pond  surface 

Emergency  Gates 

Same  as  service  gates 

Lightning  Protection  System 

Not  applicable 

Emergency  Power  System 

Not  applicable 

Wiring  and  Lighting  System 

Not  applicable 
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INSPECTION  CHECK  LIST 


PROJECT:  St.  Paul's  School  Dam,  NH _  DATE:  February  5,  1980 

PROJECT  FEATURE:  Transition  and  Conduit  NAME:  _ 

DISCIPLINE:  NAME:  _ 


AREA  EVALUATED 


CONDITIONS 


OUTLET  WORKS  -  TRANSITION 
AND  CONDUIT 


36-inch  diameter  reinforced  concrete  pipe 
through  overflow  section.  Not  visible  due  to 
water  over  dam. 


General  Condition  of  Concrete 
Rust  or  Staining  on  Concrete 
Spalling 

Erosion  or  Cavitation 
Cracking 

Alignment  of  Monoliths 
Alignment  of  Joints 
Numbering  of  Monoliths 


INSPECTION  CHECK  LIST 


PROJECT:  St.  Paul's  School  Dam,  iJH 

DATE:  February  5,  1980 

PROJECT  FEATURE:  Outlet  Structure 

NAME: 

DISCIPLINE: 

NAME: 

AREA  EVALUATED 

CONDITIONS 

OUTLET  WORKS  -  OUTLET  STRUCTURE 

AND  OUTLET  CHANNEL 

General  Condition  of  Concrete 

Good 

Rust  or  Staining 

None  visible 

Spalling 

None  visible 

Erosion  or  Cavitation 

None  visible 

Visible  Reinforcing 

None 

Any  Seepage  or  Efflorescence 

Minor  leakage  from  gate 

Condition  at  Joints 

Not  visible 

Drain  holes 

None 

Channel 

Loose  Rock  or  Trees  Overhanging 

Channel 

Small  trees  overhang  channel  near  dam;  large 

• 

trees  overhang  channel  farther  downstream 

Condition  of  Discharge  Channel 

Good 

INSPECTION  CHECK  LIST 


PROJECT:  St.  Paul's  School  Dam,  NH 

DATE:  February  5,  1980 

PROJECT  FEATURE:  Spillwav  Weir 

NAME: 

DISCIPLINE: 

NAME: 

AREA  EVALUATED 

CONDITIONS 

OUTLET  WORKS  -  SPILLWAY  WEIR, 

APPROACH  AND  DISCHARGE  CHANNELS 

a.  Approach  Channel 

General  Condition 

Good 

Loose  Rock  Overhanging  Channel 

None 

Trees  Overhanging  Channel 

None 

Floor  of  Approach  Channel 

Not  visible  beneath  ice  on  pond 

b.  Weir  and  Training  Walls 

General  Condition  of  Concrete 

Good 

Rust  or  Staining 

None  visible 

Spalling 

Spalling  at  ponding  level  due  to  ice  damage 

Any  Visible  Reinforcing 

None 

Any  Seepage  or  Efflorescence 

None  visible 

Drain  Holes 

Five  drains  across  downstream  face  of  weir 

c.  Discharge  Channel 

General  Condition 

Good 

Loose  Rock  Overhanging  Channel 

None 

Trees  Overhanging  Channel 

Small  trees  overhang  channel  close  to  dam; 
large  trees  overhang  channel  farther  down¬ 
stream 

Floor  of  Channel 

Concrete  apron  <3c  stone  paving  (not  visible) 

Other  Obstructions 

None 

INSPECTION  CHECK  LIST 


PROJECT:  St.  Paul's  School  Dam,  NH _  DATE:  February  5,  1980 

PROJECT  FEATURE:  Service  Bridge _  NAME:  _ 

DISCIPLINE:  NAME: 


AREA  EVALUATED 


OUTLET  WORKS  -  SERVICE  BRIDGE 


CONDITIONS 


No  service  bridge 


a.  Super  Structure 

Bearings 
Anchor  Bolts 
Bridge  Seat 
Longitudinal  Members 
Under  Side  of  Deck 
Secondary  Bracing 
Deck 

Drainage  System 
Railings 

Expansion  Joints 
Paint 

b.  Abutment  <5 c  Piers 

General  Condition  of  Concrete 
Alignment  of  Abutment 
Approach  to  Bridge 
Condition  of  Seat  &  Backwall 


INSPECTION 

PROJECT:  St.  Paul's  School  Dam,  NH 

CHECK  LIST 

DATE:  February  5,  1980 

PROJECT  FEATURE:  Service  Bridge 

NAME: 

DISCIPLINE: 

NAME: 

AREA  EVALUATED 

CONDITIONS 

OUTLET  WORKS  -  SERVICE  BRIDGE 

a.  Super  Structure 

Bearings 

Anchor  Bolts 

Bridge  Seat 

Longitudinal  Members 

Under  Side  of  Deck 

Secondary  Bracing 

Deck 

Drainage  System 

Railings 

Expansion  Joints 

Paint 

b.  Abutment  <Jc  Piers 

General  Condition  of  Concrete 

Alignment  of  Abutment 

Approach  to  Bridge 

Condition  of  Seat  &  Backwall 

No  service  bridge 
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AVAILABLE  ENGINEERING  DATA 


A  set  of  plans  dated  1957  showing  plan,  elevation,  and  section 
for  construction  of  the  St.  Pauls  School  Dam  and  boring  logs 
are  available  at  the  State  of  New  Hampshire  Water  Resources 
3oard,  37  Pleasant  Street,  Concord,  New  Hampshire  03301.  A 
copy  of  the  specifications  dated  1957  and  construction  perfor¬ 
mance  reports  were  obtained  from  St.  Pauls  School,  Pleasant 
Street,  Concord,  New  Hampshire  03301. 
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Date:  February  5,  1980 

To:  Vernon  A.  Knowlton, 

Chief  Engineer 

From:  Richard  W.  DeBold, 

Water  Resources  Engineer  I1, 

Subject:  Corps  Inspection  of  Turkey  Pond  Dam,  No.  51.25,  Concord 


On  February  5,  1980  I  accompanied  the  inspection  team  from  SEA  Consultants  to 
the  subject  dam.  This  was  a  follow-up  visit  by  this  consultant  to  an  initial 
>  site  inspection  done  on  December  5,  1979,  at  that  time  accompanied  by  Ken  Stern 

l_  of  this  Office. 

The  reason  for  the  second  visit  was  per  the  request  of  the  Corps  of  Engineers 
for  a  full  inspection  report. 

Initially  SEA  had  submitted  a  letter  report  only,  after  classifying  Turkey  Pond 
Dam  as  a  low  hazard  dam.  There  is  some  question  whether  the  downstream  reach 
l  and  pond  would  attenuate  a  breaching  without  causing  severe  damage  to  property 

and  endangering  lives  of  the  residence  of  St.  Paul's  School. 

The  dam  on  this  date  is  in  good  condition  and  only  a  couple  of  items  of  main¬ 
tenance  were  observed. 

^  1-  Small  trees  are  growing  on  both  embankments  next  to 

th  abutments . 

2-  Portions  of  the  right  abutment  are  erodible  bare  earth. 

I  believe  any  action  can  wait  until  receipt  of  the  report. 

a 
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Date:  December  5,  1979 

To:  Vernon  A.  Knowlton, 
Chief  Engineer 


From: 


Ken  Stern, 

Water  Resources  Engineer 


-  ljJ& 


r  i  -  a  ' 


c  M 


Subject:  Corps  Inspection  of  Turkey  Pond  Dam,  No.  51.25,  Concord 


On  December  4,  1979  I  accompanied  the  inspection  team  from  SEA  Consultants. 

The  dam  is  in  good  condition.  The  consultants  are  of  the  opinion  that  this  is 
low  hazard  dam. 


Certain  items  of  maintenance  were  observed: 

1-  Small  trees  are  growing  on  both  embankments  next 
to  the  abutments. 

2-  Portions  of  the  right  abutment  are  erodible  bare 
ear  th . 


There  is  slight  seepage  downstream  of  both  abutments. 

I  believe  any  action  can  wait  until  receipt  of  the  report. 


BtaU  of  2mu  Ibamiishtri' 

WATER  RESOURCES  BOARD 

37  Pleasant  Street 
Concord,  N.H.  03301 


TELEPHONE  271-3-OS 


July  10,  1978 


Mr.  John  Beust,  Vice  Rector 
Buildings  and  Grounds 
St.  Paul's  School 
Concord,  New  Hampshire  03301 

Dear  Mr.  Beust: 


Under  the  provisions  of  RSA  Chapter  482,  Sections  8  through  15,  the  New 
Hampshire  Water  Resources  Board  is  authorized  to  inspect  all  dams  in  the 
State  which  by  reason  of  their  physical  condition,  height  and  location  may 
be  a  menace  to  public  safety. 

On  June  28,  1978  an  engineer  from  this  Office  inspected  the  three  dams  on 
the  grounds  of  St.  Paul's  School.  As  a  result  of  this  inspection  certain 
discrepancies  were  found  which  should  require  corrective  measures  in  order 
to  protect  the  integrity  of  the  structure. 

Dam  No.  51.12  on  the  Lower  School  Pond  by  Hargate-  This  dam  has  been  classi¬ 
fied  as  in  fair  condition  due  to  the  condition  of  the  gates  and  gate 
mechanism.  We  have  a  memorandum  in  our  files  dated  June  2,  1975  that  Paul 
Talbot  could  not  operate  the  gates  at  that  time  and  that  there  were  plans 
to  replace  the  gates  and  guides.  It  appears  that  this  work  has  not  been 
done.  The  items  in  need  of  attention  for  this  structure  are  as  follows: 

1-  If  the  gates  are  still  inoperable  this  situation  should  be  remedied. 

2-  There  is  leakage  around  the  left  gate,  apparently  through  a  section 
of  deteriorated  concrete,  that  should  be  fixed. 

3-  The  concrete  around  the  gate  opening  is  in  a  severely  deteriorated 
condition  and  should  be  repaired. 

(Item  No.  2  and  No.  3  can  be  observed  from  the  downstream  side  of  the  gates 
under  the  wooden  platform.) 

4-  There  are  several  small  trees  growing  directly  out  of  or  very  close 
to  the  downstream,  right  side,  stone  retaining  walls.  These  trees 
should  be  cut  to  prevent  possible  root  damage  to  the  structure. 

Some  of  the  trees  in  the  area  are  far  enough  back  from  the  wall  that 
they  are  not  a  problem. 


uve  free  or  die 
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<.'mpshire  Water  Resources  Board 
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July  10,  1978 


Mr.  John  Beust,  Vice  Rector 
Buildings  and  Grounds 
St.  Paul’s  School 


Dam  No.  51.25  Turkey  Pond  Dam-  This  dam  has  been  classified  as  a  menace  struc¬ 
ture  in  good  condition.  No  spalling  or  cracks  in  the  concrete  were  observed. 
There  is  soma  minor  leakage  through  the  pond  drain  which  is  of  little  conse¬ 
quence  at  the  present  but  should  be  periodically  checked. 

Should  you  make  the  suggested  repairs  in  the  waters  of  the  State,  you  may  need 
a  permit  from  the  Special  Board.  Applications  can  be  obtained  by  writing  or 
calling  the  Special  Board  Office,  37  Pleasant  Street,  Concord,  New  Hampshire 
03301,  telephone  no.  271-2147. 

Please  feel  free  to  call  or  write  if  you  have  any  questions  regarding  the 
evaluation  of  your  structures. 


Sincerely, 


IcGee,  Sr 


Chairma1 
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Class  of  Dam: _ _ 
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Date 
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HYDROLOGIC  AND  HYDRAULIC  COMPUTATIONS 
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BOSTON  ,  MASS 
Rochester  ,  inj.w. 


Chen t  Amy  Cc^ps _ 

Project  ~ut  S '  > -Jn I  "0 o-  /a 

Detail.  Hydrologic  Calcs _ 

3.  Effect  of  surcharge  storage  or.  max.  prob .  :1s  :h  arse 

1.  Pertinent  Data 

a.  Drainage  area  = 

b.  Characteristics  of  basin  - 
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III.  Using  "Rule  of  Thumb"  Guidance  for  Estimating  Downstream  Dam  Failure 
Hydrographs  examine  impact  of  dam  failure 

1.  Pertinent  Data 

a.  Failure  occurs  when  reservoir  level  at  crest  of 

dam  -  elevation  =  33\tO  +cef 

b.  Storage  at  crest  elevation  estimated  to  be  approximately 
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3.  STEP  3:  Prepare  stage-discharge  curve  for  Reach  1 
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STEP  3  :  Prepare  stage-discharge  curve  for  Reach  JL 
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“UXo  C.v-<-sf  of  dLOv*\.  iVjjLsf  CC  <0*v»=w  "T©  -Ajj  “5  ra-.^ 

C.  0  CLA_Oxfc^rg  C^AJS  cAA-r^A.  CfjL-'V^r  .v\  A  C^  -  ~~  ."A  i  ^  - 


nrvw 


(?3 


“_y_C.  cUSciuXr«(L  OtaO-  "'o*-C  C  J-T-Ca-  '*:*.  .^t-  ~'~*- 

oA  C-v^oi  <31  dL<W,  uQCLZ.  £:■.-,  “T  CC  ^,ooO 


-  *T  -*  -ire  v.*>o  ;  ^  -,y  U4  S  y 

*  „  r 

1 J,:  C._  .  ^*r“  r^<. 


‘eiALi-  Or  4.-t  :*>  _wr-e^a-  \S  .--E  r.v^r  yOv-  t2?  <v  j  -'••*-j2- 

“tic?  OU-gC-  Ot  vilo  JU^cAi^a  -te  -OT*  ~0<_i  JJ.-e. 

dLsOA_*rpi.  ,  ^-pP-^  ,  "Of  3  l*A  'O’  <*  CA  O- 

'■JcJLC^  Co£<^- 

& .  <54rLg^_  -Qv  5^60  C’K  ^(^3^  i- “■  I  -Vt-  -' 

W  SW,i  --Tor  Qp4  -  15  ^.0 

3.  C>voQ«iSiav»  - 

a.TWa.  -*-a . Oi^-g  o*  — uj  dULwv  ujOLL.  "j.o.  xo j>t- 

tii-4  Ore^-f  ujd^i)  reec^jL'f  Oo  3  -Ce’Tvf;  \  A  Ore  a.-- 

J-O^  fAU.  OfTS-jUL  'UIa  ok  ^ 

--  '  ^  f  ^  ~— i  f.  .r  f  r'  ~  4-^ 

pc-^-JLiA^  lire  a. .  \kfl-^e-'SVJ*-  x-O  o>-r— *c-  .-Or  ■- 

4teiiijLvve.  o4  "LClO  cf-Ouv^  '.LrCtJL  .u  rJLar-  -C  •  >-t-  '*cC 

“tAi  S(rAi<iAjLHu^  C^€C”f  V*».  St-l er  To  CL'S.SfiOi  "O-l  .*  x.~a.»cv 

cQg>-S0l  0^  ‘  LQ-L-S  dCL-^A 
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Using  "Rule  of  Thumb"  Guidance  for  Estimating  Downstream  Dam  Failure 
Hydrographs  examine  impact  of  dam  failure  lui4-v  ijx 

Jr#* 


1.  Pertinent  Data 


F 


a.  Failure  occurs  when  reservoir  level  at  crest  of  ■spxlluxu^. 

dm  -  elevation  =  3ZS.0  ' 

b.  Storage  at  crest  elevation  estimated  to  be  approximately 

'TOO  cXx-re.  -  -Pe  e.'T 


A.  Reach  1 

1.  STEP  1 :  Determine  reservoir  storage  at  time  of  failure 


k 


E 

v.  • 


from  previous  calcs,  storage  =  ~~f£Qa.c>*s.  -  {  f 
2.  STEP  2 :  Determine  Peak  Failure  Outflow  Qpi 

qpi  =  (8/27)  wb  v|T  y, 

where:  =  Breach  width  (use  40%  of  total  length) 

=  Co.Ao')  Goo 

—  0  -CaeA 

YQ  =  Total  height  from  channel  bed  to  pool 
level  at  failure  :  t’t.J 

_  a  ,  , 

(S/27)("t0  U^CZZ.’Z')1''2 

I  SZO 


qpi  = 
Qpi  = 
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3.  STEP  3 :  Prepare  stage-discharge  curve  for  Reach  1 

a.  Pertinent  Data 

r-- 

Cll  Reach  length  -  S^O  4<Le_-f- 
(.2)  Channel  slope  -  0.3/3 

(.3)  Manning  n  =  O  .  0  *r  ,  .  ,  . 

C41  Channel  shape  -  ^ 

C51  Base  width  30  (ka_r 

b.  See  Figure  3  for  stage-discharge  curve 


STEP  4 :  Estimate  Reach  Outflow 

a.  Determine  stage  for  Qp(  =  l  ^ 
and  find  volume  in  reach 


from  Figure  3 


Q)  Stage  Cdepth  of  flow)  =  3=3  -U^ck 

(.2)  Volume  in  reach  =  (.reach  length)  fcross  sectionalN 

&  \area  of  channel/ 


X-area  =  6.5)<>oO(30'  +  \?C')  +  Co.?)(C.Z)C2o’ - 
=  ZG  I 

jlt.\  tVp  (  5£2l£0^ _ 


Volume  =  V^  = 


^Vh.SbO  r-‘r*/a.t.r^_ 


>.  3.  ^ 


V1  7  reach  length  OK 


b.  Determine  QPl(trial) 

^PzXTRIAL)  =  QPl  (t  “ 


<Pl  (TRIAL) 


=  (  l;3?c-)c"->(v  ■  ”  7-30 


QPZ_  (triad  *  1,310  <rk 
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c.  Compute  V2  using  QPZ(TRIAL) 

From  Figure  3  determine  stage  for  Qp2(TRIAL) 
Stage  =  3>  •  3  -Cea-Hr 

X-area  =  'Z.&l  t-f2-  v  oJ« cvt ) 

(jZ-  Co  (  It  i)  C  S£  J  j  _  , 

6<->  -A  :  /(UH. 

3.  3  _Pt 


Average  V1 

and  V2  and  compute  Qp^_ 

Cl) 

Vavg  = 

V1  +  V2 

2 

Va*3  - 

3. 3  v  +■  3-3  juc^*£.  — i  i 

2 

Vavg  - 

3,  3  0-o-S-  -  ^ 

C21 

QP  2  = 

«p,  f  -  "-¥) 

Op*  - 

fi'Q i~  70^  y 

Od7  -  1 .9 10  e_4s 
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U;*  J 


8.  Z 

3.  STEP  3  ;  Prepare  stage-discharge  curve  for  Reach 


a.  Pertinent  Data 

Cl)  Reach  length  -  — jOO  -Ce«_r 

(2)  Channel  slope  =  J>.  0  I  9 

(.3)  Manning  n  =  O.  OS' 

(.4)  Channel  shape  -  -hnvpe-a 
C5)  Base  width  "3  0  ■CaaJt 

b.  See  Figure  3  for  stage-discharge  curve 
4.  STEP  f  :  Estimate  Reach  Outflow 

a.  Determine  stage  for  Qpa  =  IS3iO  C-TS  from  Figure  3 
and  find  volume  in  reach 


(.1)  Stage  (depth  of  flow)  =  3.  t  -fcaTT 


C2 )  Volume  in  reach  =  (reach  length)  ^ 


cross-section a: 
.area  of  channel 


X-area  =  CO’S}  C  3-  I  £-0£-3o  *'v  ^  150  fv) 

=  ZVt  £■*■*- 

Volume  =  V,  .  (jlliillLSshl 

1  /G-Or*. 


3.2 


V  <  S. 

1  7  reach  Length  OK 


b.  Determine  Qp3(TRIAL) 


WlRIAL)  =  'rZ 


(>3 


QP2(TPTAL)  -  1310  cKjd  l  Cv)j  ) 


1^00  cJr 
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c.  Compute  v2  using  QP3(TRIAL) 

From  Figure  3  determine  stage  for  ^rj(x^TAL) 

Stage  =  3=1  -bsck 

X-area  = 

fy-zc,  C^\(  SQQ^a'.N 

A  i  .  5^0  44  ’/o 

3.2-  —  -fi 


d.  Average  and  Vj  and  compute 


Cl)  Vavg  = 


V1  +  V2 


tJ  3.  Z  cu^e-irf  4-  3. 2.  -  U 

V3vS  x  ^ 

Vavg  -  3-2  Cl.c^-4.  - -C  A 

<2>  «P3  ■  «P.  C1  - 

/  -  /  3 .  *2.  N' 

Op  3  -  (_1,9I0cAO  Cl-  7<»  ) 


0p3  =  I ,  So  J  c.4 
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\.  5TELP  3;  -  ci.OOO^*fi-  <Zu*-'jCL  ■Ur ■  c*-C_V\  3 

C.  ^^■e.r-VviAevv'V  dLo3r«- 

G  3^  4vs<x  W\  t  t».g SL  3  \*~j  ovcj^jLaJL  Iqv^ 

<x  c^x-vvi  lVs  <ru3  le.-^  ^  cAi^cC-ox^jl  -U-  tfVv\ 

3  uj-lJUL  W-  0>vv.4voUe^>l  “tjLi 

6U>  dli  cUa-r-^ft.  OlJ2c4»J^<»_A'LA»0  dv^r  C-0  ■H.O-w'  <  p .  C. L • .  -*■  ^  CLM 

0wWu3  VxOJ-A-  COC  A  V  Ac£juJL<<-1  a  H  <jkl  C  ...  ^  c"f  "tv» 

Y^V\  d^roV  a_  ^xo.^  . 


Fl^OjcA-  3  Uv-  oW-®*-  di-VSciLo-r. 


R.  Cl  *^rv.-C- 


2.  STE? 


^E:  S*^  vvwoCtA.  r~\$Qjz. C.W  OuH  ■( 


<*■  "0<lJ^«>T-W\iv\.e  UUr  U^P3  I  jSOG  C  T-.  -If, 

3  ^  VN.X  \  A  V  CCL<_Qv 


(U  3Acc^sl_  —  -U*_+ 


-W  ~  v  A  O.0  ^  cC  H*  6*-J  ^  J 


Qz.^)  \J  oVju~vO-  Vv\  V  C  c*.  cj 


•<  S66.  <o  c*3  C"1"  U-^olo^  ’.c  0 A Q c s 

-  .  /  ^  7  A  .  4  l  , 

MoW  =  V,  s(5.^  Uerl  (  w-^- ■■— > 


Vv^  13-  3  C^crt-r- 


M,  <  * 


V  Cl.  1  r  e-j  .'a.  O': 


<xj  lO 


^  ^  \  V  V  V  V  w.  *  •  V  V  •-  *  V  v  •. 
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